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The MAGIC Telescopes

Cameras with 1039 PMTs each

Imaging Air Cherenkov Telescope (IACT)
— VHE Gamma-ray astrophysics
(~50 GeVto~50TeV)

2004 — mono
2009 — stereo
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“Carbon fiber structure
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“Fast movement (180° in ~20s)

Image: R. Wagner;
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The MAGIC Telescopes on La Palma
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The MAGIC Collaboration

~160 Collaboration members in 10 countries

Germany: i ]
Max-Planck-Institut fiir Physik, Miinchen F'""'?:f:gi'sh VAGIC Consortium:

Technische Universitat Dortmund, Dortmund
Deutsches Elektronen-Synchrotron (DESY) Zeuthen, Zeuthen
Universitat Warzburg, Wurzburg

Tuorla Observatory, University of Turku,
University of Oulu, Finland, Piikkio

Switzerland:
ETH Zurich, Institute for Particle Physics, Zurich

Italy:
y , s \ , , , Poland:
Universita dell'Insubria and INFN Milano Bicocca, Como Division of Astrophysics, University of Lodz, Lodz

Universita di Pisa , and INFN Pisa, Pisa
INAF - National Institute for Astrophysics, Roma Ewo.
Universita di Siena and INFN sez. di Pisa, Siena
Universita di Udine and INFN, sezione di Trieste, Italy, Udine
Universita di Padova and INFN sez. di Padova, Padova

"

Croatia:
Croatian MAGIC Consortium:
Institute R. Boskovic,
University of Rijeka,
University of Split,
University of Zagreb-FER, Zagreb

Bulgaria: : , \
Institute for Nuclear Research and Nuclear Energy, Sofia
Spain: Japan:

Universitat Autbnoma de Barcelona, Barcelona Japanese _
Universitat de Barcelona, Barcelona, Spain MAGIC Consortium:
Institut de Ciencies de I'Espai (IEEC-CSIC), Bellaterra _ Kyoto, Tokyo
Institut de Fisica d’Altes Energies (IFAE) India:
Instituto de Astrofisica de Canaria, La Laguna (Tenerife) Saha Institute of Nuclear Physics, Kolkata

Universidad Complutense, Madrid, Madrid
CIEMAT, Madrid
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¢ Performance and upgrades %

Mono (2005) —jli— Stereo Upgr. (2013) g ; ugg r a de h istorﬁ

@ Mono (2008) == Stereo Upgr. Zd 30-45, (2013)

| e - y 12y fzsiar rezicoiys for YAGIC-)
2009: \/IAGIC-] puile, star2o ogarzitiorns

Loerzicle of Yain) rezicoty
sVsternls ziecl r1evy czlrnlarzl for YA G C-]

Aleksic et al. 2016, Aph, 72, 61

Integral sensitivity (5c in 50h) [% C.U.]

10*
Aleksicé et al. 2016 Energy threshold [GeV]

Key performance parameters:

o Iertzerzll sepsitivity zslpove 220 Gal/i
0. 66% of Cez10) Ntz it i) S0,

O Aricjtilzle resaolliiian:
ONNCEG—0:05/6dEg

e Energy resolution:
1152405

O Al wearforizirice vzirczlmlaiars il

Aleksic et al. 2016, Aph, 72, 76
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New technological developments

The analog Sum Trigger Ii: N =
e N Attengation jL
Clipping =
19 pixels (EEue) Z 25 ph.e.
y DeJIray jL J_
_/\_ Attenliation
=
— Sum-Trigger-II

w
=]

\\\Illl\\‘\\\\IIIIIIIIH'IIIII\\\\

— Digital Trigger (3NN)

J. Rodriguez Garcia MC studies:

IREXNNEVRER)) ~40 lower
trigger energy

Threshold i

25

Differential rate (a.u.)

20

— ~30Gev

1 FMBOS i raAOi B (i, Pl .
20 40 60 80 100
Energy (GeV)

Tests of SiPM clusters in the MAGIC camera:

MPP
C.Jung prototype
T65.2 (Tue. 17:05) cluster:
technische universitat
dortmund
ApLyz it Image:A: Hahn
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AVHAY S 3 o

A
D. Muller
T 38.8 (Today 17:00)

MAGIC micro LIDAR system and data
corrections:

- Measuring transmission in obs. dir.

- Correcting energy and est. Aeff

- Increased effective duty cycle

— MAGIC is first IACT correcting
Spectra/SEDs based on LIDAR data

Image: R. Wagner

ol - - NNl Corrections applied to part of data in two publications:
i 5 § § Crab SED corr.
- | Mrk501 MWL campaign (Furniss et al, ApJ, 812 (2015) 65)
f‘J V339 Del nova outburst (Ahnen et al. A&A, (2015), 582, A67)
€
T 1O rrrrrrrrrrrrrrrrrrrrrrr ————————————————————————————
é ! :
3 More about
PhD thesis C. Fruck atmospheric M. Wil
S N N B . monitoring: 780.3 (Wed. 17:00)
10 10° 10*
E [GeV]
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The main scientific targets of MAGIC

@Al AGHGHEIAYSICS? AGN Physics:
PAX/IN, SNIR, Binaries; 5L Lzies, FOSRCS, [Ezicllo ¢jzilzpdes

Pulszirs, Gzllzicile Capjiar

IMagesolrceErNASAYESAS IMAgeSolICERNASA

Flricziraeiz] Prisies
& Cosmology:
Dzl rpzreear, LY/,

EEBL, IGMF & cosmology

ImagesourcesNASAySwift/MaryRatHrybykekeithianddohndones|

IMagesSourcesNASAYGCXG/MEWEISS,
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Peer reviewed publications by year %
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Year
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The main scientific targets of MAGIC

Galactic Physics:
PV SNE Binaries,
Pulsars, rJJfJf"‘J(“ Center

uuu

IMagesolrceErNASAYESAS

AGN Physics:

, FSRQs, Radio o galaxies

IMAgeSolICERNASA

Flricziraeiz] Prisies

——J
& Cosmology:
Dairk ratter, L1/,
=51, J(“J\/Jr & CJ_)HJJJJJ/

IMagesSourcesNASAYGCXG/MEWEISS,

GANNNEN Y ASUSTSY

Christian Fruck for the MAGIC Collaboration

DPG Fruhjahrstagung 2016

Hamburg

- Mo. 29.02.2016




N Galactic Highlights
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Image source: ESO

Christian Fruck for the MAGIC Collaboration DPG Fruhjahrstagung 2016 - Hamburg - Mo. 29.02.2016 11



TeV emission from the Crab Pulsar

- Unprecedented observations of
PL component in pulsed
emission by MAGIC extending
up to 2TeV

- Challenging model predictions
(IC scattering component
needed)

Excess Counts/(Bin Width/0.007)

Excess Counts/(Bin Width/0.007)

J. Rodriguez Garcia

T 18.4 (Today 11:50)

" Pha

SUIRRAM Ansoldi et al. A&A 585, A133 (2016)
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Galactic Center

- Observed by MAGIC 2012/13/14/15

- Triggered by pericenter passage of G2

- No variability in TeV (also not in other w.l.)
- Discovered new source of VHE Gamma

radiation coincident with GC Arc

Ry

Gas cloud

Sagittarius A® °

Image source: ESQ
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F=(22.77 + 0.97)10 %, \*=13.9, NDF=13, prob.=0.38
(\l 4 4 E>1TeV
. .
) \(\6

o

w

Flux [cm~% s7!]

+
—$

~
—_—

approx. pericenter passage

56200 56400

56600
MjD

56800 57000 57200

Dec [deg]

C. Fruck

T80.8 (Wed. 18:

Sgri2

A
V sorc 0.40
@ Go.9
B Arc
© sgrax 0.32
@ 2FGL)J1746.6-2851c
5if MAGIC Gal. Center
Y% MAGIC J1746.4-2853 0.24
x
=)
=
016 %
2
=
®
(7]
0.08 =
0.00
-0.08

1775
RA [h]

PhD thesis C. Fruck

35)

= -
» i
S =
1S -——
o 10710 i PPy ByEs
> - R el S v N
() Bl Bl e T ey b 2N . ,a(\l
= = ’ “'i;\* \ \(\
= i v ~
© B 5 s \
z|< i *"P\ ?(e
B 4o 4 N
L = / + TN
o = (1] o e e e =] R \\_
o — 7 """"""""" o B GIC f
it LD A P N SO
[ / _TﬁN_?— il
— 7 : ~
Ay R
= : i N
= ——+—— Fermi, Malyshev et al. 2015 "Tj"\ X
e —+—— MAGIC, this work 0.14 deg (Tikhonov) ) N
E """ MAGIC, this work 0.14 deg (Forward) ‘«‘ A\
Had. model, Chernyakova et al. 2011 3 A
10m e i == Had. model, Ballantyne et al. 2011 v \\
E | --=--- Had. model, Linden et al. 2012
i Hybrid model, Guo et al. 2012
| Lept. model, Kusunose et al. 2012
10—14 1 1 lllllll 1 1 lIIIIIl 1 1 IIIIlII 1 1 lIlI;ll 1 1 IIIIlII 1 1 lIlIlll 1 1 LIl
1072 107 1 10 10? 10° 10* 10°
E [GeV]

Christian Fruck for the MAGIC Collaboration

DPG Fruhjahrstagung 2016 -

Hamburg -

Mo. 29.02.2016



Christian Fruck for the MAGIC Collaboration

= 40

Binary system of Be star and .

E 35F
o

compact obj. (Period of 26.5 d) %«

First detected in VHE by i
MAGIC in 2006 (Albert et al. L

20006)

Observed 2010 - 2014 and St

archival data (MAGIC, N
VERITAS) .
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b AGN Highlights
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Active Galactic Nuclei (AGN) %

Super Massive Black Hole (SMBH) with accretion disk and jet (can be Mpc)

Classification depending on viewing angle and accretion rate

most luminous objects in the Universe, especially in VHE Gamma rays

Emitting over the whole EM spectrum ( Typically showing two bump SED )

— Opaque Torus
[Inner Regions)

] : L -8 | T |
Inner Structure of an Active Galaxy - .
0.1 lightyears — - Synchrotron .
i I Inv. I
0 -9 —]
S i Compton
— 3 i |
Eﬂ = =
Supermassive v - 10 - o
_. Black Hole — - .
il — - =

. B

Accretion Disk = r .
h = —
mg —11 —
-] - -
A - e

Image source: Wikipedia
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Bright Blazar in low state — Mrk 421(201 3)

- Nearby (130 Mpc) high-
peaked BL Lac type Blazar

- Observations: M\/L
campaign with NuSTAR,
VERITAS and others in
2013 (very low emission
state)

- Synchrotron and IC peaks
shifted towards low
energy

- Simultaneous hour scale
variability in X-ray and
VHE

- Modeling: Multiple

compact regions with in
situ electron acceleration

10 GHz O0+UV 10 keV 1 GeV 1 TeV
107 F typical state
(Abdo et al., 2011) L f
— 10-10 3 =t J
i) 1
g 1
&) ]
T, 101k .
‘ P
— ]
[e}) ]
— -12
~ 10 -]
B & ]
2 . ) 2013 Jan 10 1
” 10 § (MJD 56302) :
) |
ol f Balokovié et al. acceptedinApJB |
10° 10" 10" 10" 10" 10" 10* 10* 10** 10*° 10°°

frequency, v [ Hz ]

More on Mrks:

M. Doert T 104.1 (Do 16:45)

K. Ishio

T 104.4 (Do 17:30)
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Black Hole Lightning in IC310

] ] ) ] NVSS 1993/12/15
- Misaligned Blazar / Radio Galaxy in Perseus 1.4 GHz

Cluster
- Minute scale variability during flare in 2012

- Misalignment ( >10 deqg )
=> Doppler factor (< 4}

- Causality: size of emission region of sub event
horizon scale

- Magnetospheric emission of VHE Gamma-
rays favored

0 g x10° |
Aleksic et al., Science, 346 (2014) 1080 A 10 min
0.6 f— =
Polar w s
vacuum " 0.5
gap ’% E ¢
% 04—
¢
§ 0.3;— ® ’
ool 1 %
x]= M+ +++ +J|+l ﬁ.
56243.95 T 55244 05 ——seauT

Time [MJD]
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FSRQ PKS 1441+25 at redshift z = 0.940 %

- Most luminous type of AGN

-~ Only 6(5) detected in VHE Gamma-rays 5(4)
detected by MAGIC

- PKS 1441+25 Observed and detected by
MAGIC in April 2015 (following up Fermi) “

- Most distant VHE known source together
with QSO B0218+357 (z=0.944) <+ LCEECUIGIEDT]

ATel #7416, Razmik Mirzoyan

- Lack of absorption features in the GeV

range — external Compton scenario 9.0 Ahnen et al. ApJL (2015) 815, L23 .

— —95} a) ]

'
I A . _
3C279 0.5362 MAGIC 2006 S = S 4+— 1

1) = = L 4

= —105 | T | i
PKS1510-089 0.361 H.E.S.S. 2009 — TN = -

5 10t N |
PKS 1222+216 0.432 MAGIC 2010 o <.
(4C +21.35) T _115h N ]
B0218+357 0.944 MAGIC 2014 S _120 N :

b'-é —la U PWL # D11 deabs. N 7
PKS 1441+25 0.939 MAGIC 2015 < s ll= = Pwe o Yy et O 1T S |

) 4 MAGIC
E 3 T T I T | |

5S4 0954+65 >0.368 MAGIC 2015 16 13 2.0 59 51 5.6

(class. debate) logi1o (E) [GeV]
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s Fundamental physics an Cosmology

AVHAY S 3 o

Imageisotirce: Wikipedia
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Dark Matter searches with MAGIC

Collider searches: LHC, Fermilab...

SM

DM
\ w / Direct searches:
ics o

CRESST, DAMA,
SM CDMS...

_:>

Indirect searches: MAGIC, Fermi, Pamela ...

~ MAGIC can search for Gamma-ray 5 | vb Segue 1 e
signature of DM decay in suitable regions % f ' o

\.;10 23:E .................................................... »
- Observed Dwarf Spheroidal Galaxy SO I B> 5 S
Seguel for 158 h PIESIEENVIIWNDICE .. @~

FE mm al e n o s o s o o o oy o o d mC M Em Em

— Limits together with Fermi cited by PDG =z R e SO—

—— Formi-LAT+MAGIC Segue 1

-+ H rnedian: no uncertainty in J-factor
0

- Observed Perseus Cluster for over 250 h T E oo conaiment 77 1200
1028 _E - HJD ?_5;/_:’_5_?.['_‘_‘?‘_'_”_|’7‘_‘?:_”_ I Tre_:mla!l ﬁl.lfl cross S:%cltllorl .
- Also > 60h on Gal. Center 10 0 o o

Ahnen et al. JCAP 02 (2016) 039 [T
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=

Conclusions:

Conclusions %

- MAGIC is one of the most
competitive instruments for
TeV astrophysics

- Last few years were the most
productive in terms of scientific
output, no hint for turnover!

Image: R. Wagner
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Backup Slides
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Backup: LIDAR method

C& 1 T 1 T T T T T I T T T 1 I 1 T 1 T
X ? —1.0
= 108 =— : ‘
-_% oo SR L. => Transmission to ground T(r) e
D - N ~=0.8
o I Enhanc.:ed back \ | |
- I scattering from |.. o S
T cloud Shape of excess | — 0.6
D 1074 = | used for interpolation -
W S . i e i _" 04
] - .. €| Clear air model |
v : - - 0.2
10° l—| Enhanced back- [« \ - / —— uadad o) | =100
| scattering from |- | §liding windowfit { =~~~ i
- atmospheric : :
| boundary layer | T N N /|
1 1 L 1 | L 1 L 1 l L 1 L L | L 1 L [l | x103

15 20
altitude above MAGIC [m]

collection area correction

log(A.)

energy bias
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Tests with SIPMs as detectors in the MAGIC camera

MPP SiPM cluster in MAGIC-l camera

Christian Fruck for the MAGIC Collaboration

¢ ¢ 00 0 ¢

Developed,

Built,

Tested,

and Installed the first SiPM cluster
Modified CaCo for controlling
Cluster is running since July 2015
Included in standard data taking

L")

¢ e 0@

Future tasks

Detailed comparison to PMT clusters

@ Long-term stability test in MAGIC

Characterize new SiPMs
More Winston cone simulations and measurements
Build two new prototype clusters

ASIC approach with David Gascon et al. from the
University of Barcelona

DPG Fruhjahrstagung 2016 - Hamburg - Mo. 29.02.2016



The Crab Nebula and Pulsar

- Remnant of the SN 1054 hosting Pulsar and PWN
- Brightest steady source of TeV emission in the sky
- Bright source over the whole EM spectrum

- MAGIC detects Nebula and pulsed component

—e— MAGIC data

10-7 F : : : : : : ; : : : : : : : —s— Fermi-LAT data
P b b b bbbt | e Radio - X-ray data
== MTR model (total)
gl o eS¢ 11 {—— MTR(Sync)
107 pro e e SR T MTR (Bremsstr.)
S Ty | — wTR(sso)
/N |—wmam
B 109 i gflii i | MTR(FIR)
Eooo o gl s e s s N | —— MTR (CMB)

i (TeV cm? s)

dN
dEdA

E2

0 N
1077 o e L Sy
N AN T T S T S S A S S NN A W P S e,
: : : : : : : : : : : : : : /A?ﬁ | 510 N,
/S & et~
I : p : : : : ; : : : : : : : : : B B : / g| -
ST b LTSI\ =] ) \
107 o o g e / g Vacuum gap
L N [
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\ |
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BRSO N T W T TR O WO O /0L 01 4 o~ NI
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A A N \ Ric~107m ’/|E“

16 14 12 -10 8 .6 4 2 4 :
10 10 10 10 10 10 10 10 1 102 10 \L - Rl e
E (GeV) | o I
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Termination shock

Y

Alglsld el JHZAD (2013 Rys- 10° R,
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MAGIC observing Crab over 3 decades in energy

Systematic uncertainty (MAGIC)
”.‘; ——e—— MAGIC stereo data (this work)
o : i | == Log-parabola fit (MAGIC only)
E 107 froio P | ——=—— Fermi-LAT ApJ 749 (2012)
2 5 : | =w=weauwe. HEGRA ApdJ 614 (2004)
Lt ; : El mimimems HESS A&A 457 (2006)
E - P mmmmm MAGIC ApJ 674 (2008)
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Bright Blazars — Mrk 421, Mrk 501

SED ofi Mrl 421 Fraiciionizll varizoiliny of Vel 472

O+UV 10 keV 1Gev  1TeV 10 GHz O+UV 10keV 1GeV  1TeV

T T T T
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campaign data taken in
(Abdo et al‘! 2011) . 2013 January —March £
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NuST AR observations i il ==
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2
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2
o
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]
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10"% 10" 10 1
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M\WX/L observations of Mrk 421

Freiciionizll varizoiliny of Melc 22110 2013/201 4 flzir2s

10GHz 0+UV 10keV 1GeV  1TeV ' '

; . Metsihovi
campaign data taken in o n 2 0 1 3

uUvoT M2
2013 January —March

UvOoT W2
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FACT (>0.9 TeV)
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MAGIC detects two AGN at redshift ~ 1 %

Apr-08  Apr-13  Apr-18  Apr-23  Apr-28 May-03 May-08 May-13 May-18 May-23 MAGIC detected for the
T 1l : | : : | : + MAcfp G| first time VHE emission
o | f’ H +‘+~+| | 1] | from the z=0.940 Blazar
105 [ | | 1 PKS 1441425 during a
1o | b = i s o) { MWL outburst in April
"_05k | I | I 1 |, K H | 2015.
-~ QSO B0218+375: most
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- Deep observations of
the dwarf spheroidal
Galaxy Seguel by
MAGIC (158h)

- Best ULs for DM
annihilation cross-
section from dSph in
the high-mass range
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The main scientific targets of MAGIC
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The main scientific targets of MAGIC
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GalacticiZhYSIGS: AGN Physics:
PAX/N, SNIR, y y y
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